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An electrically insulating material, method for the 
preparation thereof, and insulated objects comprising 
said material 

The present invention relates to an electrically insulat- 
5 ing material comprising a thermoplastic polymer and a di- 
electric . 

It is known to insulate high-voltage DC cables with paper 
impregnated with dielectric oil. The preparation of such 
insulated cables is cumbersome "and time-consuming, as it 
10 comprises a number of steps, such as wrapping the paper 
round the electrical conductor, drying, impregnating the 
paper under heating, and cooling the insulation to 
ambient temperature. Such cables can also be used for 
alternating current. 

15 By using the known insulations, local charge effects 
which may cause breakdown can be avoided, but the 
resulting cables are sensitive to quenching, and the 
operating temperatures should hot exceed about 80 °C. 

GB patent No. 1.371.991 discloses an insulation material, 
20 which is prepared by impregnating a porous, electrically 
insulating polymeric film with a dielectric fluid, 
followed by a heat-shrinkage of the polymeric film in 
view of encapsulating the dielectric fluid. The use of 
the known insulation material for insulating e.g. high- 
25 voltage cables is slow as, like the first-mentioned 

insulating method, it presupposes that the impregnated 
polymeric film is wound round the electrical conductor. 

It is also known to insulate high-voltage AC cables with 
an insulating insulation layer prepared by extrusion of 
30 a polymer, such as polyethylene or cross-linked poly- 
ethylene . 
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It has not been possible to use such insulation layers of 
a polymer for insulating high-voltage DC cables, i.a. 
because during cooling to ambient temperature at operat- 
ing conditions, local charge effects are accumulated, 
5 thus entailing risk of breakdown. 

Also, it is known to use various types of gels for 
insulation and/or field equalization. 

US 4 943 685 discloses the use of a gel formed from a 
lightly cross-linked polymer and insulating fluid, such 
10 as a mineral oil, for injecting into e.g. cable splices 

or cable shoes, so that the gel fills out the void around 
the conductor and acts as insulation. 

US 5 218 Oil discloses the use of a gel composition 
comprising a fluid, a thickener, and a water absorbent 

15 polymer for incorporation as filler in cavities and in 
electrical cables. The main purpose of the presence of 
such a gel is to prevent entry of water, which i.a. is 
achieved in that the gel itself forms -a barrier. If water 
does enter past this barrier, the water absorbent polymer 

20 is activated, and the water is absorbed. This type of gel 
is mainly used in connection with low direct voltages. 

WO 86/01634 discloses use of a gelloid composition 
comprising a polymer, in which a fluid is dispersed, and 
and optionally a filler, for field equalization in 
25 connection with electrical devices. The composition is 
especially well-suited for use at high voltages. 

It is a common feature of these types of gels that they 
have no mechanical strength, for which reason they are 
most unfit for formation of a dimensionally stable 
30 insulation layer. Typically, it is the purpose of the gel 
to act as a mass which displaces air, as air is poorly 
insulating. As regards the gels mentioned in US 5 218 Oil 
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and WO 86/01634 there is the additional disadvantage that 
the particular gel in itself has no particular insulating 
effect, for which reason an additional insulation layer 
must typically be used. 

5 JP 8302113A discloses the use of an ethylene-propylene 
rubber compounded with at least one compound selected 
from polybutene, polybutadiene, polysioprene, and butyl 
rubber, inorganic fillers, and organic peroxides for the 
preparation of an insulation material without use of 
10 added oil. 

Finally, WO 96/27885 discloses use of a composition 
comprising a polypropylene polymer or copolymer, poly- 
ethylene wax, and coated magnesium hydroxide as insula- 
tion or outer sheath for wires and ca.bles . Such a 
15 composition is easily extrudable, and the wax content 
ensures a smooth and wear-resistant surface. 

Use of the above composition for high-voltage is, 
however, inexpedient because of the high content of 
magnesium hydroxide added in view of the fire retarding 
20 effect of the substance. 

It is the object of the present invention to provide a 
material which possesses sufficient insulating capacity 
for it to be used for both DC and AC insulation in 
connection with high-voltage, and which is easily 
25 converted so as to form a desired insulation layer. 

This object and other objects, which will be described in 
the following, are obtained with the insulation material 
according to the invention, which is characterized in 
that the thermoplastic polymer forms a continuous phase 
30 incorporating an additional phase of a liquid or easily 
meltable dielectric in the form of a wholly or partly 
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interpenetrating network, and that the weight ratio of 
polymer to dielectric is between 95:5 and 25:75. 

When using an electrically insulating material for e.g. 
high-voltage insulation, a temperature increase normally 
5 occurs, whereby the dielectric, if not already liquid, 
melts. Hereby a structure emerges comprising a solid 
network of polymer filled with liquid dielectric, which 
thereby gets to act as a mobile phase in the solid 
polymer network. 

10 The presence of this mobile phase seems to prevent local 
charge effects, which in the known materials may cause 
breakdown, from arising, and without this phase 
inexpediently influencing the main structure and 
consequently the strength of the insulation material. 

15 Examples of useful thermoplastic polymers include poly- 
olefines, acetate polymers, cellulose polymers, poly- 
esters, polyketones, polyacrylates, polyamides, and 
polyamines. The polymers may be homo-, co- or ter- 
polymers. As co-monomers use can be made of -various 

20 compounds with functional groups, such as epoxides, 

vinyls, amines, anhydrides, isocyanates, and nitriles. 
Mixtures of two or more polymers can also be. used. 

To avoid exudation of dielectric after the preparation of 
the insulation material, it is preferred to use low- 
25 crystalline polymers. 

The liquid dielectric is preferably a mineral or 
synthetic oil, or a mixture of both. Low-viscosity as 
well as high-viscosity oils may be used. 

Examples of use as dielectric oils include polyiso- 
30 butylene, naphthenic, polyaromatic, and alpha-olef ihe 
containing oils, as well as silicone oils. 
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Examples of easily meltable dielectrics are wax and low 
molecular polymers. 

In this context, the expression "easily meltable" should 
be taken to mean that the dielectric melts/softens at a 
5 lower temperature than the melting/softening temperature 
for the thermoplastic polymer. 

The invention also relates to a method for the prepara- 
tion of the electrically insulating material described 
above. This method is characterized in that the thermo- 

10 plastic polymer and a liquid or easily meltable di- 
electric in a weight ratio from 95:5 to 25:75 of polymer 
to dielectric are mixed* under heating to a sufficiently 
high temperature for melting both polymer and dielectric, 
that the mixture is optionally formed to a shape, and 

15 that it is cooled to ambient temperature. Hereby an 

insulation material is obtained which is dimensionally 
stable at temperatures of use, and consequently can be 
used without cross-linking as insulation material on e.g. 
high- voltage cables. 

20 During the mixing and the heating of the thermoplastic 

polymer and the liquid or meltable dielectric, a liquid- 
in-liquid suspension is obtained, where the. polymer as a 
result of its comparatively high viscosity predominantly 
forms a continuous phase, in which the liquid dielectric 

25 forms a similarly continuous, interpenetrating phase. It 
is presumed that a corresponding backbone structure is 
obtained after cooling the mixture to ambient tempera- 
ture, however, with the difference that the polymer after 
having again assumed solid state forms a network contain- 

30 ing a wholly or partly interpenetrating network of liquid 
of solidified dielectric. 

It is understood that the said interpenetrating network 
is formed at microscopic level, and, as it is, is not 
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comparable with network at molecular level provided e.g. 
by cross-linking of polymer chains and/or formation of a 
gel structure. 

The weight ratio of polymer to dielectric is, as 
5 mentioned, from 95:5 to 25.75. Particularly preferred, 
ratios are from 90:10 to 50:50, and in particular from 
90:10 to 75:25. 

It may be -advantageous to reinforce the polymer network 
in the insulating material according to the invention by 
10 evoking in the said mixture a cross-linking in the 
polymer. Such cross-linking can e.g. be obtained by 
radiation treatment or by admixing a cross-linking agent, 
e.g. in the form of a triallyl cyanurate, silanes or 
peroxides . 

15 The mixture of polymer and dielectric can be added with 

one or more additives and/or fillers. For example, carbon 
black, titanium dioxide, wood powder or cellulose 
derivatives can be used for equalizing electrical fields. 

The temperature to which the mixture is heated depends, on 
20 the melting/softening point of the thermoplastic polymer, 
and should preferably lie more than 10 °C over this 
temperature. For a-olefines a temperature of up to 160 °C 
is typically used, and for e.g. polyamides, cellulose 
polymers, and polyketones a temperature up to 230 °C. 

25 The thermoplastic polymer and the dielectric can be mixed 
and heated batch-wise or continuously, e.g. using an 
extruder. The mixed mass can be granulated and used as 
starting material for formation of desired insulation 
layers. For example, it can be extruded directly onto an 

30 electrical conductor so as to form an insulation layer 

thereon, or by a multi-step extrusion of the electrically 
insulating material optionally added with carbon black or 
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another additive. The additive can also be added to the 
polymer prior to the mixing thereof with the dielectric- 
Injection moulding, thermof orming or the like may also be 
used for the shaping. 

5 The mixing and the heating as well as the extrusion onto 
a conductor may also take place in one step. 

The invention further relates to objects, such as cables 
insulated with the electrically insulating material 
described above. Such insulated cables can be used for 
10 both direct current and alternating current, preferably 
for direct current, and at voltages from 220 V to 10 MV. 
Preferred uses are for voltages greater than 5 kV, as the 
material at high field strengths is capable of maintain- 
ing its good electrical properties. 

15 The insulation material described can also be used for 

other insulating purposes, e.g. for insulating terminat- 
ions, cable splices, cable terminals, transformer 
insulation, for the preparation of dielectric components, 
for use in X-ray generators, . and for other high-voltage 

20 purposes. 

In the following the invention is described in more 
detail with reference to the examples below. 

Example 1 

40 parts by volume of naphthenic oil with a viscosity at 
25 25 °C of 12 cp were heated to 150 °C under stirring with 
a stirrer having a rotational speed of 30 rpm/min. Then 
60 parts by volume of alpha-olef ine containing polymer 
with an MFI of 0.6 g/ 10 min and a melting temperature of 
142 °C were added. Mixing was for 4 min at 150 °C. The 
30 mixture thus obtained was cooled and granulated at 

ambient temperature. The granulate was introduced into an 
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extruder and extruded in the form of a coating onto an 
electrical conductor at a temperature of 140-160 °C. 

The insulating coating thus prepared was thermally stable 
and mechanically stable at temperatures up to about 
5 80 °C. The coating consisting of two interpenetrating 
networks did not exudate oil at a temperature of 80 °C 
and a superpressure of 1 bar. 

By examining the breakdown strength of the insulating 
coating it was established that this strength was at 
10 least as high as for an insulating coating consisting of 
oil impregnated paper. 

Example 2 

An insulating coating was prepared on an electrical 
conductor by a method corresponding to that described in 
15 example 1, but using polyisobutylene oil instead of a 
naphthenic oil . 

The coating obtained had essentially the same properties 
as the coating according to example 1. 
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Example 3 

An insulating coating was prepared on an electrical 
conductor by a method corresponding to that described in 
example 1, with the exception that 7 0 parts by volume of 
5 polymer and 30 parts by volume of oil were used. 

Example 3a 

An insulating coating was prepared on an electrical 
conductor by a method corresponding to that described in 
example 1, however using 80 parts by volume of polymer 
L0 and 20 parts by volume of oil. 

The coatings obtained had essentially the same properties 
as the coating according to example 1. 

. Measurement of rate of local charging and decharging for 
the insulation materials prepared in examples 1, 3 and 3a 

15 was made by means of Pulsed Electro Accoustic Method 

(PEA) . Test specimens were prepared from semi-conductor 
and have a thickness of 2 mm. Charging is effected with 
20 kV DC voltage, and charging and decharging are for 24 
hours. Measurements are made without impressed voltage on 

20 the test specimen. 

Standard decharging rates for the materials from examples 
1, 3 and 3a are stated in table 1 and compared with 
conventional AC PEX insulation and oil impregnated paper 
insulation. 
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PEX 


Oil/paper 


Polymer* 


Ex. 1 • 


Ex. 3 


Ex. 3a 


Unit 


Min. 


Min. 


Min. 


Min.' 


Min. 


Min. 


Decharg- 
ing time 


> 500 


200 


> 500 


30 


50 


50 



* alpha-olef inic polymer used in examples 1-3 and 3a 
Table 1- Decharging rates for different dielectrics. 
5 Example 4 

An insulating coating was prepared on an electrical 
conductor by a method corresponding to that described in 
example 1, but using 10 parts by volume of paraffinic wax 
with melting interval of 57-60 °C from Merck, 80 parts of 
10 extrudable LDPE (from Dow), and 10 parts of powdered 

additive consisting of .wood with a maximum diameter of 65 
pm. 

The insulation material obtained has essentially the same 
properties as the insulation in example 1. 

15 Example 5 

An insulating coating was prepared on an electrical 
conductor by a method corresponding to that described in 
example 1, but using 10 parts by volume of polycyclic oil 
with a density of 1.04/cm 3 , 89 parts of ethylene vinyl 
20 acetate (24% vinyl acetate) with an MFI of 3 g/10 min 
(2.16 kg/190 °C, ASTM D1238) , and 1 part of powdered 
additive consisting of alumina trihydrate (Apyral 4 0 from 
Nabaltec) with a grain size diameter, of about 1.5 pm. . . 

The insulation material obtained has essentially the same 
25 properties as the insulation in example 1. 
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Example 6 

An insulating coating was prepared on an electrical 
conductor by a method corresponding to that described in 
example 1, but using 5 parts by volume of chemically pure 
5 oleic acid, 94.8 parts of ethylene acrylate with 2% 

maleic anhydride (Lotader 2100 from Elf Atochem) , and 0.2 
parts of powdered additive consisting of chemically pure 
titanium dioxide. 

The insulating material obtained has essentially the same 
10 properties as the insulation in example 1 . 

Example 7 

15 parts by volume of epoxidized soybean oil were mixed 
with 85 parts of LDPE cable insulation polyethylene, into 
which 1.5 % of dicumyl peroxide had been premixed. The 
15 mixing took place as described in example 1, however, 
mixing was at 135 °C. The insulation material thus 
prepared was cross-linked by heating to 180 °C under 
pressure (10 bar) . 

The coating material obtained has essentially the same 
20 properties as the insulation in example 1. 
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Claims: 

1. An electrically insulating material comprising a 
thermoplastic polymer and a dielectric, charac- 
terized in that the thermoplastic polymer forms a 
5 continuous phase incorporating an additional phase of a 
liquid or easily meltable dielectric in the form of a 
wholly or partly interpenetrating network, and that the 
weight ratio of polymer to dielectric is between 95:5 and 
25:75. 

10 2 . An electrically insulating material according to 

claim 1, characterized in that the thermo- 
plastic polymer is selected from a group consisting^ of 
polyolef ines, acetate polymers, cellulose polymers, 
polyesters, polyketones, polyacrylates, polyamides, 

15 . polyamines, and epoxides, or a mixture of two or more of 
these polymers, 

3. An electrically insulating material according to 
claim 1 or 2, characterized in that the 
thermoplastic polymer is low-crystalline, 

20 4. An electrically insulating material according to any 

of the claims 1-3, characterized in that the 
liquid dielectric is selected from a group consisting of 
mineral or synthetic oils. 

5. An electrically insulating material according to claim 
25 4, characterized in that the dielectric oil 

is selected from a group consisting of polyisobutylene 
oils, naphthalenic oils, alpha-olef inic oils, and 
silicone oils. 

6. An electrically insulating material according to 

30 claims 1-3, characterized in that the easily 
meltable dielectric is a wax. 
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7... An electrically insulating material according to any 
of the preceding claims, characterized in 
that the weight ratio of polymer to dielectric is between 
90:10 and 50:50, preferably between 90:10 and 75:25. 

8. An electrically insulating material according to any 
of the preceding claims, characterized in 
that the material obtained is dimensional ly stable. 

9. A method for the preparation of an electrically 
insulating material from a thermoplastic polymer and a 
dielectric, characterized in that a thermo- 
plastic polymer and a liquid or easily meltable di- 
electric at a weight ratio between 95:.5 and 25:7.5 of 
polymer to dielectric are mixed under heating to a 
sufficiently high temperature for melting the thermo- 
plastic polymer, that the mixture is optionally shaped, 
and that it is cooled to ambient temperature. 

10. A method according to claim 9, character- 
ized in that a cross-linking of the thermoplastic 
polymer is evoked in connection with the mixing and the 
heating. 

11. A method according to claim 10, character- 
ized in that a cross-linking agent is introduced into 
the mixture of thermoplastic polymer and dielectric. 

12. A method according to claims 9-11, charac- 
terized in that an additive, e.g. carbon black, 
titanium dioxide, aluminium hydroxide, cellulose 
derivatives or wood powder, is added to the mixture of 
thermoplastic polymer and dielectric. 

13. A method according to claims 9-12, c h a r a c - 
terizedin that the thermoplastic polymer is added 
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with an additive or a filler prior to being mixed with 
the dielectric. 

14. A method according to any of the claims 9-13, 
characterized in that the mixture is shaped 
by extrusion. 

15. A method according to claim 14, character- 
ized in that the mixture is extruded as an insulation 
layer onto an electrical conductor. 

16. An electrically insulated object comprising a 
conductor and an insulation, characterized- 
in that the insulation material is constituted by an 
insulating material according to any of the claims 1-8. 

17. An electrically insulated object according to claim 
16, characterized in that the insulation 
surrounds an electrical conductor for voltages greater 
than 36 kV. 

18. An electrically insulated object according to claim 
16, characterized in that the insulation 
surrounds an electrical conductor for voltages greater 
than 150 kV. 

19. An electrically insulated object according to claim- 
16, characterized in that the insulation 
surrounds an electrical conductor for voltages greater 
than 400 kV. 

20. An electrically insulated object according to claims 
16-19, characterized in that the conductor 
is intended for direct current. 

21. Use of the electrically insulated material according 
to claims 1-8 for insulating cables. 
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22. Use of the electrically insulated material according 
to. claims 1-8 for insulating cable assemblies, such as 
end terminations, fittings, cable splices, and cable 
terminals. 

23. Use of the electrically insulated material according 
to claims 1-8 for the preparation of dielectric 
components for use in high-voltage equipment, such as X- 
ray generators. 
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AMENDED CLAIMS 

[received by the International Bureau on 9 February 1999 (09.02.99); 
original claims 1 and 23 replaced by new claims 1- 27 (4 pages )] 

1. An electrically insulating material comprising a 
thermoplastic polymer and a dielectric having a weight 
5 ratio of polymer to dielectric between 95:5 and 25:75, 
wherein the thermoplastic polymer forms a network of 
solid polymer filled with a liquid or an easily meltable 
dielectric, said dielectric being able to act as a mobile 
phase in the solid polymer network, 

10 2 . An electrically insulating material according to 
claim 1, characterized in that the 
thermoplastic polymer forms a continuous phase 
incorporating the dielectric in the form of a wholly or 
partly interpenetrating network. 

15 3. An electrically insulating material according to 
claims 1 or 2, characterized in that the 
thermoplastic polymer is selected from a group consisting 
of polyolef ines, acetate polymers, cellulose polymers, 
polyesters, polyketones, polyacrylates, polyamides, 

20 polyamines, and epoxides, or a mixture of two or more of 
these polymers. 

4 . An electrically insulating material according to 
claim 1, 2 or 3, characterized in that the 
thermoplastic polymer is low-crystalline. 

25 5. An electrically insulating material according to any 

of the claims 1-4, characterized in that the 
liquid dielectric is selected from a group consisting of 
mineral or synthetic oils. 

6. An electrically insulating material according to claim 
30 5, characterized in that the material 
comprises up to about 75 % by weight of oil. 

AMENDED SHEET (ARTICLE 19) 
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7. An electrically insulating material according to 
claims 5 or 6, characterized in that the 
dielectric oil is selected from a group consisting of 
polyisobutylene oils, naphthalenic oils, alpha-olef inic 

5 oils, and silicone oils. 

8. An electrically insulating material according to 
claims 1-4, characterized in that the easily 
meltable dielectric is a wax. 

9. An electrically insulating material according to 'any 
10 of the preceding claims, characterized in 

that the weight ratio of polymer to dielectric is between 
90:10 and 50:50, preferably between 90:10 and 7.5:25. 

10. An electrically insulating material according to any 
of the preceding claims, characterized in 

15 that the material is dimensionally stable . 

11. An electrically insulating material comprising a 
thermoplastic polymer and a dielectric having a weight 
ratio of polymer to dielectric between 95:5 and 25:75, 
wherein the thermoplastic polymer forms a network of 

20 solid polymer filled with a dielectric, said dielectric 
comprises a liquid or an easily meltable phase, which is 
able to act as a mobile phase in the solid polymer 
network. 

12. A method for the preparation of an electrically 
25 insulating material from a thermoplastic polymer and a 

dielectric, characterized in that a thermo- 
plastic polymer and a liquid or easily meltable di- 
electric at a weight ratio between 95:5 and 25:75 of 
polymer to dielectric are mixed under heating to a 
30 sufficiently high temperature for melting the thermo- 
plastic polymer, that the mixture is optionally shaped, 
and that it is cooled to ambient temperature. 

AMENDED SHEET (ARTICLE 19) 
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13/ A method according to claim 12, character- 
ized in that a cross-linking of the thermoplastic 
polymer is evoked in connection with the mixing and the 
heating. 

5 14. A method according to claim 13, character- 
ized in that a cross-linking agent is introduced into 
the mixture of thermoplastic polymer and dielectric. 

15. A method according to claims 12-14, charac- 
terized in that an additive, e.g. carbon black, 

10 titanium dioxide, aluminium hydroxide, cellulose 

derivatives or wood powder, is added to the mixture of 
thermoplastic polymer and dielectric. 

16. A method according to claims 12-15, charac- 
terized in that the thermoplastic polymer is added 

15 with an additive or a filler prior to being mixed with 
the dielectric, 

17. A method according to any of the claims 12-16, 
characterized in that the mixture is shaped 
by extrusion. 

20 18. A method according to claim 17, character- 
ized in that the mixture is extruded as an insulation 
layer onto an electrical conductor. 

19. An electrically insulated object comprising a 
conductor and an insulation, characterized 

25 in that the insulation material is constituted by an 

insulating material . according to any of the claims 1-11. 

20. An electrically insulated object according to claim 
19, characterized in that the insulation 
surrounds an electrical conductor for voltages greater 

30 than 36 kV. 
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21. An electrically insulated object according to claim 
19, characterized in that the insulation 
surrounds an electrical conductor for voltages greater 
than 150 kV. 

22. An electrically insulated object according to claim 
19, characterized in that the insulation 
surrounds an electrical conductor for voltages greater 
than 400 kV. 

23. . An electrically insulated object according to claims 
19-22,. characterized in that the conductor 
is intended for direct current. 

24. Use of the electrically insulated material according 
to claims 1-11 for insulating cables. 

25. Use of the electrically insulated material according 
to claims 1-11 for insulating cable assemblies, such as 
end terminations, fittings, cable splices, and cable 
terminals . 

26. Use of the electrically insulated material according 
to claims 1-11 for the preparation of dielectric 
components for use in high-voltage equipment, such as X- 
ray generators. 

27. An electrically insulating material obtainable by the 
method according to claims 12-18. 
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